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Responsible for Agency-wide operations, 
management, and development of all NASA 
Space communications capabilities and enabling 
technology. 

Expand SCaN capabilities to enable and enhance 
robotic and human exploration. 

Manage spectrum and represent NASA on 

ate lilo)areimel arom iaitciaarsidiejars| ies) @levenede | pamaarslar-lelcigarciay 
programs. 

Develop space communication standards as well 
as Positioning, Navigation, and Timing (PNT) 
policy. 

Represent and negotiate on behalf of NASA on all 
matters related to space telecommunications in 
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mission directorates. 
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Terrestrial Wireless 
Communication Systems 


Space Mobile Network 
(SMN) 
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Architectural framework is named the “Space Mobile Network (SMN)’ to accentuate the. =n on 
the user experience with analogies. to the terrestrial mobile wireless: smartphone user experience 
i Increased availability and accessibility of services 
Increased } user autonomy: bi 
Once connected tot the cloud,” ser vices, SOur rces, and destinations are avai iElel{=s 
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— Minimize user burden including the Size, Weight, and Power (SWaP) requ ired for the flight systems. 
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Demonstration ({LLCD) 
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¢ Relay Applications 


— Single Access links: Higher data rates available via relay 
with smaller user and relay systems 


— Multiple Access 

- Array of small telescopes could provide 10 Mbps duplex service to 
sOLOMSTaalelicclalevelUrcmUKs(<) es 

- Amore robust and faster system, though, could be based on a 
wide field-of-view telescope with its image mapped onto a focal 
plane array 

- Greatly reduced user burden may allow for ubiquitous use of MA 
system 


¢ Direct-to-Earth (DTE) Applications 
— Potential for extremely high data rates (10's to 100's of 
Gbps) 
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delivery direct to science centers or other user locations 
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LCRD Experiment Configuration 
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Relay Provider for Single User 
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Delay Tolerant Users — Two Types of Late 
Requirements 


“Get this data to its destination” 

A mission with science data delivery 
timeliness requirements. possibly real-time 
(two-way voice /video, commands & 
telemetry, science alerts, telerobatics, etc.) 
will be concerned about the effective dala 
rate between the user platform and data 
destination (i.e. an end-to-end pati). 
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End-lo-End Path 
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The Space Mobile Network concept leverages the combination of high availability, low 


latency, low data rate links with delay tolerant users and shared high rate links 
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Terrestrial Networks 
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User Initiated Services (UIS 


UIS allows platform- yunaumnun 
triggered acquisition of — 
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Position, Navigation, and Timing Technoloe¢ 


Increased spacecraft autonomy implies a transition 
from ground based orbit determination processes 
to onboard processes 


Flight GPS/GNSS systems 


— Acquire and track GNSS signals anywhere 
between LEO and Lunar orbits with hemispherical 
(low gain) antenna 


Receivers will continue to decrease in size. and increase in 
Capability in accordance with Moore's law 


Increased signal availability within while also expanding the 
region of the space service volumes 


Clock Stability 


— Stability performance over time as normalized on a per dollar, per mass, or per volume basis 
ral JO ro veyilitslictom (alom= lO jcelnajn(@lelomarchulers\e(e)pmers| er-19)) 114" 


— More stable clocks will increase GNSS receiver accuracy and availability and also a 
transition from two-way to one-way radiometric techniques. 
Optimetrics and other new types of observations 
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state given intermittent observations processing GPS, network radiometrics, and 
celestial navigation observations simultaneously 

Standards that allow individual autonomous navigation components to be 
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system will allow for per-mission customization. 
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Use Case Examples 


Variable Science Data Collection 
— Amiussion has a lower rate of science data 

collection while in a nominal monitoring/baseline 
data collection mode 
A science event triggers instruments to collect data 
at a higher rate by ejther turning on more 
Instruments or increasing resolution 
The mission is able to use UIS to acquire the 
necessary services to delivery all of the data even 
though the data volume and time of event were not 
predictable 


Collaborative science platforms. 


— One platform detects an event and transmits.a = pa 
notification to collaborating platforms, while also ~f 
scheduling up the opportunity to transmit the full 
‘Sts ita pee) | (close, 


Other platforms receive the notifications, begin their appropriate response 
(repaint an mstrument, increase resolution, etc.), and then transmit their data 
through the available channels 


Satellite Formation Flying 


— Small, micro, and nano satellite buses offer on opportunity, to place large 
numbers of observation platforms inte orbit 
Small satellite maneuvering will be attained as actuator technology scales down 
to fit within the size, mass, and volume constraints of small satellite buses 
Formation flying of small satellites will be achieved through the application of 
precision autonomous orbil determination, maneuver planning, and execution 
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The SMN architecture Evolution of NASA’s Near-Earth C&N Architecture to Space Mobile Network 
: (Notional) 

provides a framework for the 

evolution of the near earth me a _ 

Sj ore(ecmerelananlelalier ile] alomeiale 

are haserstilelamcigeialiicreielgomee 


enable and enhance the future ake 
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Acronyms 


C&N - Communication and Navigation 

DTE — Direct to Earth 

DSN - Deep Space Network 

DTW - Disruption/Delay Tolerant Network 

ERNESt - Earth Regimes Network Evolution Study 
ESC - Exploration and Space Communications 

GEO - Geosynchronous Orbit 

GNSS - Global Navigation Satellite System 

GSFC - Goddard Space Flight Center 

HSF — Human Spaceflight 

LADEE — Lunar Atmesphere Dust and Environment Explorer 
_CRD — Lunar Communications Relay Demonstration 
LEO - Low Earth Obit\ 

Li CD — Lunar Laser Communications Demonstration 
MA - Multiple Access 

NASA - National Aeronautics and Space Administration 
NEN - Near Earth Network 

NGBos - Next Generation Broadcast Service 

PNT - Positioning, Navigation, and Timing 

R&D — Research and Development 

RF - Radio Frequency 

oCaN - Space Communications and Navigations 

SMN - Space Mabile Network 

SN - Space Network 

sWaP - Size, Weight, and Power 

TASS - TBRSS Augmentation Service for Satellites Service 
TDRSS - Tracking and Data Relay Satellite System 
UIS - User Initiated Services 
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MISSION 


As a national resource, the Exploration and Space 
Communications (ESC) Projects Division enables 
scientific discovery and space exploration by 
providing innovative and mission-effective space 
communications and navigation solutions to the 


largest community of diverse users. 
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